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WITH AND WITHOUT A SHOCK  ABSORBER 

By Edward L. Hoffman 

SUMMARY 

Experimental  data from calm-  and  rough-water  landing  impacts  were 
obtained  in  Langley  tank  no. 2 with  a  dynamic  model of a  seaplane  incor- 
porating  a  'flat-bottom  hydro-ski  mounted  on  a  rigid  strut  and  on  a 
shock-absorber  strut so that  the ski translated  normal  to  its  keel  with- 
out  changing  trim.  Theoretical  computations  based  on  the  application 
of  planing  data  to  the  impact  conditions  have  been  made  and  compared  with 
the  experimental  data.  The  method  used f o r  the  calm-water  rigid-strut 
computations  was  obtained  from  NACA  Technical  Note 2814 and  the  method 
for  the  shock-absorber  strut  in  calm  water,  from  NACA  Research 
Memorandum  L54Hl.O.  In  order  to  adapt  these  basic  methods  to  cover  the 
rough-water  case,  a  method  was  developed  for  obtaining  an  equivalent 
wave  slope  on  which  to  base  computations  instead of the  slope  of  the 
wave  at  the  initial  point  of  contact.  Computed  results  for  both  rigid 
struts  and  shock-absorber  struts  are  compared  with  experimental  data  in 
time-history  plots  and  are  in  good  agreement  for  both  calm-water  and 
rough-water  impacts. 

INTRODUCTION 

A  method for determining  water  landing  impact  loads  on  rigidly 
mounted  planing  surfaces  by  the  application  of  steady-planing  forces 
has  been  reported  in  reference 1 and  has  been  shown  to  be  applicable  to 
water  landing  impacts  of  a  rigidly  mounted  flat-plate  V-step  hydro-ski 
in  reference 2. A method for determining  water  landing  impact  forces  of 
shock-absorber-mounted  translating  hydro-skis  has  been  reported  in 
reference 3. 

.. 
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The  present  report  shows  the  applicability  of  these  methods  to 
calm-  and  rough-water  landing  impacts  of a dynamic  model of a seaplane 
having  either a fixed or translating  flat-bottom hydro-ski. The  experi- 
mental  data  were  obtained  in an extension  of  the  tests  reported  in 
reference 4 and  the  model  used  was  the  same. 

SYMBOLS 

A cross-sectional  area  of  shock  strut 

b beam  of ski 

CB planing-lift  coefficient, 
p/2 ,2b2 

k 

L 

m 

n 

rS 

beam-loading  coefficient  of ski, - m 
Pb3 

damping  constant  of  shock  strut 

force 

acceleration  due  to  gravity 

wave  height  measured from trough  to  crest 

generalized  draft  coefficient, 1 
~ c A  sin%  cos2-r 

Cg ' d- 
b 

wave  length  measured  from  crest  to  crest 

mass of model 

virtual mass of water 

damping  exponent 

rise of ski normal  to  undisturbed or  calm-water  surface 
relative  to  its  position  at  water  contact 

" ... 
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v resultant  velocity 

V air  volume  of  shock  strut 

X velocity  of ski parallel  to  undisturbed  water  surface 

2 

advancing  velocity  of  trochoidal  wave, JE 
draft  (vertical  displacement of ski trailing  edge  relative  to 
water  surface) 

velocity  of ski normal to undisturbed  water  surface 

acceleration  of ski normal  to  undisturbed  water  surface 

flight-path  angle  relative  to  undisturbed  water  surface 

tan(70 + 7 )  
E impact  parameter, 

tan T 

e angle of inclination  of  water  surface 

K approach  parameter, sin T 

sin 70 

mass density  of  water 

trim  of  ski  relative  to  undisturbed  water  surface 

4b-d psi  function, - + log, w - 1 1 
Lu 

Subscripts: 

a pneumatic,  shock  absorber 

e effective  (referred  to  inclined  water  surface  instead  of 
undisturbed  water  surface) 

h hydraulic,  shock  absorber 

0 time of initial  water  contact 

P planing, ski 

2 relative  to  wave  particles  at  selected  part  of  wave 

W wave-particle  velocity 
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Superscript: 

1 r e f e r r e d   t o   f u s e l a g e  of model i n s t ead   o f   t o   sk i  

APPARATUS AND PROCEDURE 

Experimental   data   for   this   invest igat ion were obtained from 
free-to-trim  landing tests of  Langley  tank model 280, which i s  a 
1/24-scale dynamic model of a 160,000-pound seaplane  design  equipped 
with a hydro-ski. The tests were conducted  from the  main carriage 
fore-and-aft  gear i n  Langley  tank  no. 2. The tes t  conditions are given 
i n   t a b l e  I, a photograph  of  the model and gear i s  shown i n   f i g u r e  1, and 
a drawing  of the  hydro-ski i s  shown i n   f i g u r e   2 .  The s k i  was attached 
t o   t h e   h u l l  by  two r ig id   s t ru t s   fo r   f i xed - sk i  tests and by a shock-absorber 
s t r u t  so t h a t   t h e   s k i  moved normal t o  i t s  keel  without  changing t r i m  
( f i g .  3) for   t rans la t ing-sk i  tests.  

For  landing tests with  the  fore-and-aft  gear,  the model had approx- 
imately 3 feet  of  fore-and-aft  freedom  with  respect t o   t h e  towing  car- 
r iage  in   order   to   absorb  longi tudinal   accelerat ions  introduced by impacts 
and t o  permit  the model t o   a c t  as a free body in   t he   l ong i tud ina l   d i r ec -  
t i o n .  The model w a s  free t o  t r i m  about a pivot  located a t  the  center  of 
gravity and was free t o  move ver t ical ly ,   but  was r e s t r a i n e d   i n   r o l l  
and yaw. 

To  make a landing t e s t  with  this  gear  the  towing  carriage w a s  brought 
up t o  a speed s u f f i c i e n t   t o  make the model f l y .  An e lec t r ica l ly   ac tua ted  
t r i m  lock, which was a t t ached   t o   t he  towing staff, f ixed   the  t r i m  of t he  
model i n   t h e  a i r  during  the  landing  approach and was automatically 
released when the  model touched  the water. 

In   o rder   to   l and   the  model, the  carr iage was dece lera ted   a t  a con- 
s t a n t   r a t e  so the  model g l i d e d   t o   t h e  water. The carriage  deceleration 
was s e l e c t e d   t o  keep the  model between the  fore-and-aft  limits of t r ave l  
during  the  landing. 

A recording  oscillograph  located  in  the  towing  carriage was used 
to   record   da ta .  A strain-gage  type  of  accelerometer mounted on the  towing 
s t a f f  of t he  model was used t o  measure ver t ica l   acce le ra t ions .  The 
natural   frequencies of the  accelerometer and recording  galvanometer were 
165 cps and 150 cps,   respectively.  Both were damped t o  about 65 percent 
of c r i t i c a l  damping. Slide-wire  pickups were used t o  measure t r i m ,  rise, 
and fore-and-aft   posit ion of the  model and t o  measure def lect ion of the  
shock s t r u t .  

. 
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Figure 4 i s  a de ta i led  drawing  of the  shock-absorber  strut. The 
maximum shock-absorber  stroke was 1 inch ,   t he   i n i t i a l  a i r  pressure 
51 pounds per  square  inch, and the  a i r  volume r a t i o  3 t o  1. The char- 
a c t e r i s t i c s  of  the  shock  absorber  uere  obtained  from  bench-tests and 
are   presented  in   f igure 5 .  Figure 5(a) i s  a plot  of  pneumatic  force 
against   stroke and f igure   5 (b)  i s  a p l o t  of the  stroke  obtained from 
drop tes ts  of  various  heights. The weight  used  for  the  drop  tests was 
equal t o   t h e  gross weight  of the  model. The var ia t ion  of   hydraul ic  
force  with  telescoping  velocity w a s  obtained  from  the  drop  tests and i s  
shown i n   f i g u r e  5 (  c )  . 

D i s t i l l e d  water was used in   the  s t rut   ins tead  of   shock-absorber  
f lu id   i n   o rde r   t o   i nc rease   t he  Reynolds number of  the  flow  through  the 
o r i f i c e  so that   the   f low would be turbulent  as i s  the  case  with  the 
fu l l - sca le  shock  absorber. With the  model shock  absorber  the  flow was 

considered  turbulent (Fh var ies  as ( 5 1  - 5) ' )  above telescoping  veloc- 
i t i e s  of 1 . 5  f e e t  per second,  but was considered  laminar  (viscous damping 
where Fh var ies  as ( 5 '  - 2)) below telescoping  veloci t ies  of 1.5 f e e t  
per  second.  (See  f ig.   5(c) .) In   the  model tests, telescoping  veloc- 
i t i e s  below 1.5 fee t   per  second were obtained  for  calm-water  landings 
and te lescoping  veloci t ies  above 1 .5  feet per  second were obtained  for 
landings  in  waves. 

The Langley  tank  no. 2 wave machine was used t o  produce  the 
rough-water  conditions.   In  order  to  obtain wave prof i le   records,  two 
l ightweight   f loats  were mounted as near   the  center   l ine  of   the   tank as 
feas ib le  on pivoted beams and data were transmitted  through  slide-wire 
pickups t o  a recording  oscil lograph. A drawing  of  the  wave-recorder 
setup i s  shown in   f i gu re  6.  By using two f l o a t s ,  wave lengths and veloc- 
i t i e s  were obtainable as well  as wave heights .  

To obtain  the model p o s i t i o n   r e l a t i v e   t o   t h e  waves, a wave prod w a s  
mounted  on the  towing  carriage  (fig.  1) to  record  the  wave-crest   locat ion 
while  contact  points  installed a t  the  leading and t r a i l i n g  edges  of  the 
hydro-ski  recorded  the model posi t ion.  The model p o s i t i o n   r e l a t i v e   t o   t h e  
waves was a l s o  checked by r i s e  measurements  and  by longi tudinal  measure- 
ments  from the  wave recorder   s ta t ion.  

The planing data necessary  for  the  computational  procedures were 
obtained  from a b r i e f  tes t  using  the small-model  towing  gear i n  Langley 
tank no. 2 .  The hydro-ski  (f ig.  2) w a s  t e s t ed  a t  trims of kO,  8 O ,  and 12' 
a t  var ious  draf ts  and speeds. L i f t  and  speed were recorded and  under- 
water photographs  were  taken to   ob ta in   wet ted  areas. These data  are pre- 
sented as a plot   of   planing l i f t  coeff ic ient   against   general ized 
d r a f t   ( f i g .  7 ) .  
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The equations  used  to compute the impact  loads  and  motions were 
derived  from  reference 1 for   the  f ixed-ski   configurat ion and  from re f -  
erence 3 for   the   t rans la t ing-sk i   conf igura t ion .  Both computational  pro- 
cedures  used were based on the appl icat ion of  planing  data  to  the  impact 
conditions  and  are  described  in  detail   in  the  appendix.  It was assumed 
t h a t   t h e  model remained  fixed  in t r i m ,  and  had a wing l i f t   f o r c e   e q u a l  
t o   t h e  model weight  throughout  the  impacts. With the   re la t ive ly   h igh  
beam loading  of  the  hydro-ski (Ca = 16.8), t h e   v i r t u a l  mass of the  water 
was assumed t o  be a small par t  of the t o t a l  mass involved and was neg- 
lec ted .   In   o rder   to   adapt   the   bas ic  methods  of references 1 and 3 t o  
the  rough-water  case  the in i t ia l   l anding   condi t ions  were r e f e r r e d   t o   t h e  
slope and velocity  increments  of  the waves. 

The assumed water  surface  used  for  theoretical  computations was an 
incl ined  plane  with  the  s lope  equal   to   the  s lope a t  t h e   i n i t i a l   p o i n t  of 
s k i  contact of  a t rochoidal  wave having the same height and length as the  
experimental wave. Inasmuch as  the  inclined  plane  varies from the  experi-  
mental wave p ro f i l e s ,  some discrepancies   in   ver t ical   accelerat ions and 
d r a f t   a r e   t o  be expected  prior  to  the  experimental  wave c r e s t .  This var i -  
a t ion  was e spec ia l ly   t rue   fo r   r e l a t ive ly   sho r t  waves. It was suggested 
in   reference 5 t h a t ,  f o r  computing  rough-water  impacts, a slope of the  
wave encountered a t  some point  during  the  impact  should  be  used  instead 
of the   s lope   a t   the   po in t  of i n i t i a l   c o n t a c t .  The  maximum accelerat ion 
was of primary  interest;   therefore,  it seemed deducible  that   the  loca- 
t i o n  of an  equivalent  slope  should be re la ted   to   the   t ime that peak accel-  
eration  occurred. The time of t h e  peak accelerat ion from calculat ions 
based on the   i n i t i a l   con tac t   s lope  was used t o  compute a horizontal  dis- 
placement  (based on A0 + k) of the s k i  r e l a t ive   t o   t he   t rocho ida l  wave. 
This  horizontal   displacement  from  the  init ial   point of  contact  located a 
tangent   to   the   t rochoida l  wave sur face   tha t  was used  as  the  equivalent 
slope. The equivalent wave slope and the  wave v e l o c i t i e s   a t   t h a t   p o i n t  
were then  used t o   o b t a i n  a new s e t  of in i t ia l   l anding   condi t ions .  

It should  be  noted  that  the assumed water  surface  (either  contact 
slope  or  equivalent  slope)  does  not even  approximate the  experimental 
wave p r o f i l e   a f t e r   t h e  wave c r e s t  i s  reached  and  comparison  between 
theory  and  experiment  should  not be considered. 

The velocity  increments due t o  wave motion were introduced  in  the 
ini t ia l   landing  condi t ions by us ing   the   o rb i ta l   ve loc i t ies  of the  water 
pa r t i c l e s   a t   t he   s e l ec t ed   pa r t  of the  wave. If the  hydro-ski  motion i s  
r e fe r r ed   t o   t he  ;rave ( s e e   f i g .  8) the   re la t ive   hor izonta l  and v e r t i c a l  
ve loc i t i e s  become 
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xz = x + xw 

where );w and < are  computed  for  the  selected  part of a trochoidal 
wave  having  the  same  height  and  length  as  the  wave  the  model  contacted. 
The  resultant  ski  velocity 

The  flight-path  angle 

- 
Ye - 

is 

relative  to  the  inclined  water  surface  is 

where 8 is  the  wave  slope  under  consideration. 
to  the  water  surface  is 

ie = v2 sin 7e 

RESULTS AND DISCUSSION 

The  experimental  results  and  comparison  with 

The  ski  velocity  normal 

( 5 )  

theory  are  presented 
as  time  hi.stories  of  vertical  accelerations  and  motions  for  fixed-ski 
cases  in  figure 9 and  of  vertical  accelerations,  motions,  and 
shock-absorber  stroke  for  translating-ski  cases  in  figure 10. The  theo- 
retical  results  presented  for  the  landings  in  waves  were  obtained  with 
the  equivalent-slope  method.  One  typical  example  where  computations  were 
based  on  the  contact  slope  is  presented  for  comparison. 

Fixed-Ski  Case 

Time  histories  of  draft  and  vertical  acceleration  are  shown  in 
figure  g(a)  for a calm-water  impact  with a fixed  hydro-ski.  The  draft 
plot  shows  the  path  of  the  hydro-ski  trailing  edge  relative to the  undis- 
turbed  water  surface.  The  maximum  draft  is  underestimated  by  the  theory 
by about 14 percent of the  experimental  value  and  is  displaced in time 
somewhat  whereas  the  theoretical  vertical  accelerations  show  very  good 
agreement  with  experiment.  Figures g(b) and 9( c)  are  examples  of  impacts 
in  waves  approximately 3 inches  high. A rise  plot  is  presented,  in 
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a d d i t i o n   t o   t h e  draft p l o t ,   i n   o r d e r   t o  show the  path  of   the  ski   through 
the  waves. Figure  g(b) i s  fo r  a landing  impact on the  f lank  of  a rela- 

t i ve ly   sho r t  wave .approximately 2L times the   hu l l   l eng th  and shows theo- 

r e t i ca l   r e su l t s   ob ta ined  from  computations  based on the  contact  wave 
slope and on the  equivalent  wave slope. The time h i s t o r i e s  of v e r t i c a l  
acceleration  ( terminated where the  hul l   af terbody  contacted  the wave) 
show t h a t   t h e  maximum computed value  based on the  contact wave slope i s  
about 22 percent  higher  than  the  experimental maximum, whereas the  com- 
puted  value  based on the  equivalent wave slope is  about 12 percent  higher 
than  the  experimental maximum. The theo re t i ca l   p lo t s  of draft and r ise 
are  approximately  the same and both are i n  good agreement  with  the  experi- 
mental  values u n t i l   t h e  wave c re s t  i s  reached. The maximum theo re t i ca l  
draft   occurs after the  wave c re s t  i s  reached,  but i f  t he  draft a t  the  
wave c re s t  were assumed t o  be the  maximum value, it would be  within 
10 percent  of  the  experimental maximum. 

( 2 1 

Figure  g(c) i s  an example of  a  landing  impact on the  f lank of a 
relat ively  long wave (approximately 5 times the   hu l l   l eng th ) .  The theo- 
retical   values  of  vertical   accelerations,   based on the  equivalent wave 
slope,  closely  approximate  the  experimental  values. The theo re t i ca l  
draft p lo t  i s  a l s o   i n  good agreement  with  experiment u n t i l   t h e  wave c r e s t  
i s  reached as was the   ca se   i n   f i gu re   g (b ) .  The theo re t i ca l  maximum d r a f t  
i s  attained  before  the  experimental  wave c re s t  i s  reached and, although 
it i s  d isp laced   in  time somewhat, the  maximum value i s  within 10 percent 
of the maximum experimental  value. 

Translating-Ski Case 

Time h i s t o r i e s  of draf t ,   ver t ica l   acce le ra t ions  and stroke for a 
calm-water  impact  with the  hydro-ski mounted on a shock-absorber s t r u t  
are   given  in   f igure lO(a) and show reasonably good agreement  between 
theory and experiment. The discrepancies   that  do ex i s t   a r e   a t t r i bu ted  
to  the  difficulty  of  obtaining  the  experimental   shock-absorber  data nec- 
essary   for   subs t i tu t ion   in   the   theory  when such a short  shock-absorber 
stroke i s  involved.  Figures  10(b) and lO(c) are plots  of  impacts  in waves 
approximately 3 inches  high  using  the  shock-absorber mounted hydro-ski. 

Figure  10(b) i s  f o r  a wave length  approximately 2L t imes  the  hul l   length.  
2 

The p lo t  of ver t ica l   acce le ra t ions   ( te rmina ted  where the  hul l   af terbody 
contacted  the wave) shows tha t   the   theore t ica l   va lues  of ver t ica l   acce l -  
erat ion agree very w e l l  with  the  experiment. The theo re t i ca l   p lo t s  of 
stroke, draft, and r ise are in  reasonable agreement  with  experiment until 
the  experimental wave c re s t  i s  reached. 

In   f igure  10( c ) ,   f o r  a wave length  approximately 5 times t h e   h u l l  
length,   the   theoret ical   p lots  of ver t ical   accelerat ion,   s t roke,  and draft 
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closely  approximate  the  experimental  plots.  In  figures  10(b) and ( c )  
the maximum theoret ical   values  of s t roke and draft occur af ter   the   exper-  
imental wave c re s t  i s  reached.  If   the  theoretical   values a t  the   c r e s t  
were considered maximums the  stroke and draft from f igure  lO(c)  and the  
d ra f t  from f igure  10(b)  would be within 5 percent of the  experimental 
maximums, but   the  s t roke from figure 10(b) ,  which i s  for  a landing  in  a 

wave only 2 1  times the  hul l   length,  would be  overestimated  about 
2 

27 percent. 

CONCLUDING REMARKS 

Comparison of theory  with  experiment showed good 
f ixe '  

agreement for   both 
d- and t ranslat ing-ski  cases fo r  calm-water  impacts  and f o r  rough-water 

impacts unti l   the  experimental  wave c re s t  was reached.  In some cases  the 
peak theoretical   values  of draft and  shock-absorber  stroke were not 
obtained  pr ior   to   the wave cres t ,   bu t  i f  the  values a t  the wave c re s t  
are  used  as maximum values  they w i l l  agree reasonably well with  exper- 
imental maximums even i n  waves as short  as 2 1  times the   hu l l   l ength .  2 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for Aeronautics, 

Langley  Field, Va., Apri l  11, 1936. 
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APPENDIX 

COMPUTATIONAL  PROCEDURES 

Fixed-Ski Case 
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The basic  equations,  obtained from references 1 and  2,  used t o  com- 
pute  loads and  motions for   the  f ixed-ski   case aPe 

and 

where 

1 
2 2 b k =  Z cg ' d- 

2Ca s i n  T cos T 

Inasmuch as t h e   v i r t u a l  mass of the  water i s  being  neglected, i n   t h e  
equation 

the  modified  planing  coefficient CB' i s  considered t o  equal CB. The 
values  of CB required  for  the  computations were obtained from the  
p lan ing   tes t s  of the  hydro-ski. 

For calculat ing  the  general ized  draf t   coeff ic ient  k it was neces- 
sary  to   integrate   the  plot   of  CB against  z/b. Inasmuch as in tegra t ion  
of equations was simpler  than  graphical  integration,  straight-l ine  seg- 
ments were subst i tuted  for   the  curves  of CB against  z/b as shown 
in   f i gu re  7. 

For impacts  that submerged the  bow of the  hydro-ski,  the  planing 
coeff ic ient  was assumed t o  be a constant  value beyond t h e   d r a f t   t h a t  
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would submerge a rectangular f l a t  p l a t e  of  equivalent  length  of  the  hydro- 
ski.  This  assumption i s  reasonable  because  the ski submerged very l i t t l e  
(only a t  wave c r e s t s )  and  because a s k i  submerging  under  impact con- 
d i t ions  would have a bubble  type  of  ventilated  flow  over  the  upper sur- 
face   tha t  would not   contr ibute   addi t ional  l i f t .  By considering a con- 
s tan t   va lue   for  CB after the  bow submerged, an example of the  equation 
from figure 7 f o r  a landing t r i m  of 4' would be 

CB 0.667z/b ( z/b < 0 .Og4) (Ah) 

CB = o -0853 (z/b > 0.2m) (A6) 

Interpolation  of  the  data  of figure 7 gave the  necessary  planing- 
coeff ic ient   equat ions  for   the  specif ic   landing trims of  the t es t  
conditions. 

The impact  loads  and  motions  of t he  model were computed i n   t h e  
following manner: A series of  values of z/b were chosen. The corre- 
sponding  values  of CB were then computed from  equations  such as (Ah), 
(A5) , and (A6) obtained  from figure 7.  The CB values  and the i n i t i a l  
landing  conditions were then  used in   equat ions  (Al) and (A2) t o   o b t a i n  
so lu t ions   for   ver t ica l   ve loc i ty  and accelerat ion.  The necessary 
*-function  values are l i s t e d   i n  table I1 as obtained  from  reference 1. 
The ver t ica l   ve loc i ty  and accelerat ion "draft h i s to r i e s "  were converted 
t o  t ime  his tor ies  by integrat ion  of  a p l o t  of 1/& against  z until, 
as & approaches 0, values  of l/i became too   l a rge .  The time his tory  
was continued by integrat ion  of  a p l o t  of l/E aga ins t   un t i l  5 
became la rge  enough t o  continue  integration  of  the  rebound  part  of  the 
p l o t  of 1/? against   z .  

Translating-Ski Case 

The basic  equations,   derived from reference 3 ,  used t o  compute loads 
and  motions for   the   t rans la t ing-sk i   case  are 
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and 
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Equation ( A 7 )  was obtained  from  equations (5),  (11) , and (12) of 
reference 3 and  equation (A8) was obtained  from  equation (6)  of 
reference 3. These equat ions  neglect   the  mass of   the  ski  and  lower p a r t  
of the  shock s t rut ,   because  they are a small p a r t  of t h e   t o t a l  mass 
involved. The f r i c t i o n   f o r c e  of t he  shock s t r u t  i s  also neglected. The 
planing  force Fp i s  obtained  from  the  planing-lif t-coefficient  equation 
of figure 7 i n   t h e  same manner as fqL the   f i xed - sk i  case. The pneumatic 
force Fa of  the  shock  absorber i s  obtained  from  the  equation 

Fao Vo 11.25 
Fa = - 

vo - A ( z '  - z )  1 .5  - ( z f  - z )  
- 

which i s  based on t h e   i n i t i a l   s t r u t   p r e s s u r e  and  the  physical  dimensions 
of t he   s t ru t ,   w i th   t he   s t ru t  air compression  considered  isotherml. A 
comparison  of  equation (Ag) and the  experimental  pneumatic  force i s  shown 
i n  figure 5( a) . The . damping constant c and the  damping exponent n 
were obtained  from  figure  5(c) which i s  a plot   of   hydraul ic   force  against  
t e lescoping   ve loc i ty   tha t  was obtained  from  drop tests of  the shock 
absorber .   For   s t rut   te lescoping  veloci t ies  below 1.5 feet per second the  
damping force was considered t o  vary   d i rec t ly  as the  te lescoping  veloci ty  
( n  = 1) and  above 1.5 f ee t   pe r  second  the damping force w a s  considered 
t o  vary as the  square  of  the  telescoping  velocity  (n = 2 ) .  From these 
data  and  values  of in i t ia l   l anding   condi t ions ,   so lu t ions  of  equations 
( A 7 )  and (As) were made on an  electronic  analog  computer. 

Fixed-ski  cases  can be obtained  from  the  electronic  analog computer 
by using  equation ( A 7 )  inasmuch as equation (A8) does  not  apply when the  
s t r u t  i s  considered  r igid.  Under such  conditions  equation (A7)  can  be 
shown to   equal   equa t ion  (Al) . 
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Figure 1.- Langley tank model 280 on fore-and-aft  gem. E81184.1 
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Figure 2. - Flat-bottom  hydro-ski of Langley tank model 280. 
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Figure 3 .  - Translating  hydro-ski strut  configuration. 
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Piston Hull  mounting  brack 

Linear-motion  ball bushing 

Extension stop 

Ski mounting bracket 
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Figure 4. - Shock-absorber strut. 
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0 .2 .4 a 6  m a  1 .o 
Stroke, z’d, in. 

(a) Variation of pneumatic force with  stroke.  

1.0 

a8 

a 2  

0 

- 
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I I I 1 

1 2 3 4 
Drop height, in. 

(b)  Variation of stroke  with drop height for a drop weight 
of 11.37 pounds. 

Figure 5.- Shock-absorber character is t ics   obtained 
from bench t e s t s .  
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J I I I 

.1 .2 .b .6 .81.0 2 .o 4.0 6.0 

Telescoping  velocity, 24, fps 

(c)  Variation of hydraulic  force  with  telescoping  velocity. Drop 
weight, 11.57 pounds; drop height, 4 inches. 

Figure 5.  - Concluded. 
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Figure 6. - Wave-recorder setup. 
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Figure 7.- Variat ion  of   planing-l i f t   coeff ic ient   with draft i n  beams. 



-Direction of wave motion 

Figure 8.- Velocit ies and angles a t  contact on waves. 
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(a )  Calm water; T = 9.8'; 7 = 1.5'. 
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( b )  H = 3.18 inches; L = 114 inches; T = 9.1 ; y = 1.8O. 

Figure 9. - Continued. 
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(c )  H = 2.94 inches; L = 220 inches; T = 9.8'; 7 = 1.8'. 

Figure 9.- Concluded. 
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(a)  Calm water; T = 9.4'; 7 = 1.4 . 0 

Figure 10.- Comparison of  experimental and theore t ica l   t ime  h i s tor ies  
f o r  translating-ski  case.  
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(b) H = 2.78  inches; L = 118 inches; 7 = 8.9'; 7 = 2.0'. 

Figure 10. - Continued. 
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Theoretical (Equivalent slope) 
0 Experimental 
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1.5 - Experimental 

Theoretical wave slope 
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(c) H = 2.90 inches; L = 218 inches; T = 9.0 ; = 1.8’. 0 

Figure 10. - Concluded. 

N A C A  - Langley Field. Va. 
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